Observations of earthquake swarms and slow propagating ruptures on related faults suggest a close relation between the two phenomena. Earthquakes are the signature of fast unstable ruptures initiated on localized asperities while slow aseismic deformations are experienced on large stable segments of the fault plane. The spatial proximity and the temporal coincidence of both fault mechanical responses highlight the variability of fault rheology. However, the mechanism relating earthquakes and aseismic processes is still elusive due to the difficulty of imaging these phenomena of large spatiotemporal variability at depth. Here we present laboratory experiments that explore, in great detail, the deformation processes of heterogeneous interfaces in the brittle-creep regime. We track the evolution of an interfacial crack over 7 orders of magnitude in time and 5 orders of magnitude in space using optical and acoustic sensors. We explore the response of the system to slow transient loads and show that slow deformation episodes are systematically accompanied by acoustic emissions due to local fracture energy disorder. Features of acoustic emission activities and deformation rates distributions of our experimental system are similar to those in natural faults. On the basis of an activation energy model, we link our results to the Rate and State friction model and suggest an active role of local creep deformation in driving the * Corresponding author
Introduction 1
Numerous observations of a correlation between seismic activity enhance- In some cases, the seismic signal concurrent with slow slip events is char- The close spatial and temporal occurrence of both seismic and aseismic The contribution of earthquakes to the total amount of slip released dur- The physics of both seismic and aseismic processes is not straightfor- We monitor the fracture front propagation using a fast camera (Cam-
120
Record 600) with up to 1000 fps or a slow speed camera (Nikon D700) with 
Acoustic events

157
The crack propagation produces acoustic activity that we monitor with a line parallel to the plate axis and sensors separation is 3 mm (see Fig. 1 ).
160
The typical distance between the closest acoustic sensor and the border of interface. We estimate the typical spatial scale of these failures to be less 181 than several microns (The largest AE is generated during an optical event
182
that has maximum dimensions of ∼ 600 µm by 30 µm). We observe non-183 uniformly distributed clustering of acoustic and optical activity ( Figure 5 ).
184
The temporal coincidence of AEs and OEs is important but not systematic 185 ( Figure 5 ). It is attributed to AEs that are too small to be optically detected,
186
OEs that are genuinely aseismic, and clusters of AEs that are lumped into a 187 single large OE. 
274
We investigate the temporal relation between OE and AE recorded during 275 the 6 experiments which show the highest acoustic activity and the best re-276 solved crack advance. The cross-correlation function, C(∆t), between the 277 rate of AE, r AE (t), and the rate of optical events, r OE (t) is
where C AE and C OE are the auto-correlations values at zero lag time of the 279 AE and the OE rates, respectively. For both AE and OE, rates are computed energy mechanism and can be expressed as
V 0 is the product of a frequency of attempt to break molecular bonds and 299 the jump distance, k B is the Boltzmann constant and T is the temperature.
300
The activation energy of the process is
where Q 0 is the activation energy in the absence of applied stress, G is the 
310
The formulation of the crack speed in Eq. (2) has been proposed to be the 
leading to:
where V is interpreted in terms of slip rate on the fault plane. Eq. 6 has a(x, t) is analogous to the slip along fault δ(x, t). However each point of the 333 interface that breaks is completely unloaded due to the geometry of our 334 experimental setting. Therefore, we have no repeating failure of the same 335 patch contrary to natural faults and AE stress drops are total. However, 336 earthquake stress drops are usually a small fraction of the total stress (e.g.
337
Kanamori, 1994). Nevertheless, in both systems, AE and earthquake still 338 represent a dynamic failure mode, which makes them comparable. Following 339 the approach presented by Dieterich (1994), we propose to relate the AE rate 340 to the stress history of our system. We assume an interface composed of a 341 population of sources that generate AE. We hypothesize that the duration 342 of nucleation of these sources is longer than the duration of stress variations 343 imposed to the system. Hence, the seismicity rate, R, varies exponentially 
where r is a reference seismicity rate. The analogy mentioned above between 347 shear stress τ and the energy release rate G, suggests that in our experiment:
Notice that Eq. (8) 
Conclusion
374
We analyze the coupled evolution of acoustic activity and slow defor- : Cross-correlation function C(∆t) between the rate of acoustic events (AE) and the rate of optical events (OE). AE rate and OE rate are computed as the number of events during intervals of 5 ms and mean is remove from the time-series. The crosscorrelation function corresponds to an averaged function computed over 6 experiments. We observe that the maximum of the correlation function is found at zero time lag. We also notice the increase of the correlation function around the peak, suggesting that OE are clustered in time for some duration before and after an AE. The inset figure shows the normalized autocorrelation functions for the AE (black curve) and the OE (gray curve). Both functions show some increase around zero time lag supporting the interplay between these two modes of deformation.
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hal-00701955, version 1 -28 May 2012 > We build an original experiment designated to study the relation between slow and dynamic deformations in the brittle creep regime. > We observe numerous acoustic events in relations with local creeping episodes. > In relation with faulting processes, we propose that earthquake swarms are driven by local slow slips. 
